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ABSTRACT

Lake Joondalup is one of the largest remaining permanent lakes of the Swan
Coastal Plain. Despite increasing urbanisation, it supports highly diverse terrestrial and
riparian communities, and an abundant and diverse aquatic fauna. However, like other
wetlands of the Swan Coastal Plain, Lake Joondalup is increasingly threatened by
eutrophication and degradation.

The anns of this study were to describe the patterns in selected physical,
chemical parameters, microcrustacean abundance and biomass of Daphnia carinata in
Beenyup Swamp and the adjacent sections of Lake Joondalup; to identify the likely
factors determining the patterns of phytoplankton biomass in these wetlands; and to
suggest the most effective management strategies to aid in the control of eutrophication
in Lake Joondalup.

Sampling was cm·ried out on a fortnightly basis from the period March to
August, 1996. The appropriate measurements and collections were made at four
randomly chosen replicate sites, within each study area, to allow the necessary
physical, chemical and biological analysis.

Results of the study reveal that Lake Joondalup continues to receive excessive
input of phosphorus (as orthophosphate) in water flow from the south-east, as it has for
the past two decades. This excessive nutrient enrichment of the main waterbody of
Lake Joondalup is causing prolonged and substantial algal blooms. Furthermore,
expansion of tile tunnel tl1;.H connects the southern wetlands to the main waterbody is
likely to result in further nutrient enrichment, thereby intensifying the eutrophy. In
coutrast. the production of gilvin in Bccnyup Swamp, and the resulting reduction in
pH, has caused the inhibition of phytoplankton growth despite excessive nutrient
cnridmJCnt. Surface water connection between Becnyup Swamp and Lake Joondalup
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(south) has resulted in simiiar inhibitory effects on phytoplankton growth. Grazing by
D. carinata did not appear to significantly influence or control phytoplankton biomal:is

in any of the wetland sites.

It is suggested that the most appropriate management strategies to control
eutrophication of Lake Joondalup are to reduce the input of phosphorus in the main
waterbody through reducing the flow of water from the Wallubumup/Beenyup Swamp
System, and through reducing nutrient flow from areas surrounding these wetlands. In
addition, rehabilitation of riparian vegetation around these wetlands is essential as it will
provide a sink for nutrient input, and a natural source of gilvin. Implementation of these
management strategies will require further investigation regarding exact sources of
phosphorus, and are crucial if the biological diversity and conservation value of these
wetland ecosystems are to be retained.
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1. INTRODUCTION

1.1

Definition of Wetlands

Wetlands are difficult to define due to their dynamic and diverse nature, and
combination of aquatic and terrestrial environments (Davis & Cheal, 1995). Many
definitions are too broad in their descriptions and often vary depending on geographical
location (CALM, 1980). Mitsch & Gossclink (1993) provide a dear and concise
definition of wetlands which is most suitable to this study. Th{!y suggest thnt the term
"wetlands" refers to shallow water bodies of pcrmar.cnt, intermittent or temporary
nature which support specialised emergent and fringing vegetative communities. The
waterbodies included in this definition arc marshes, bogs, ponds, swamps, billabongs

and shallow lakes. Those waterbodics excluded from the "wetlands" definition arc deep
lakes, permanent streams and rivers (flowing waters) and reservoirs (dams).

1.2 Wetlands of the Swan Coastal Plain

The Swan Coastal Plain is approximately 30 km wide and lies between the
Darling Scarp and the Indian Ocean in south-west Western Australia (Seddon. 1972).
The Plain is considered to be composed of thr<.;e differently-aged dune systems running
parallel to rhe coastline; the Quindalup Du11e Syst>.::m, the Spearwood Dune System and
the Bassendean Dune System, located west to east, respectively {Seddon. I972). The
chain of shallow pcrn,.anent and seasonal wetlands of the Swan Coastal Plain lies in the
intcrdunal depressions of the Spearwood and/or B<.lssendcan Dune systems. These
wetlands arc surface expressions or the water table of the Gnangara Mound and
J;.mdakot iv1ound

unconfin~d

aqui rcrs (Figure I. I) (Seddon, I972: McA!1hur & Bartle,

i980: James. 19:·-;c>: Wrigley ct a/., 1991; Bal!a & Davis, 1995). Water levels of these

wetlands arc dependent on rainfall. evaporation and height of the watertablc, and
therefore fluctuat::

SC<lSOilaJ!y.

\

-JI.JO'

INDIAN OCEAN

'Vater table contour
(m A. H. D)

p

10

15

Figure 1.1 Location of wetlands on the Swan Coastal Plain in relation to the
Gnangara and Jandakot Mounds (adapted from Balla & Davis, 1995; Davis & Cheal,
1995).
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The wetlands of the Swan Coastal Plain are a unique and dominant feature of
the Perth metropolitan area (Davis & Rolls, 1987). They are areas of high biological
productivity and directly or indirectly support most of the flora and fauna of the Swan
Coastal Plain (Seddon, 1972). In addition, they me visited by migratory wading birds
from the Northern Hemisphere each smnmer and Australia, as a signatory to
international treaties. has an obligation to protect the habitats of many of these bird
species (Arnold & Wallis, 1987).

1.2.1 Wetland Degradation

The Swan Coastal Plain supports approximately 80% of Western Australia's
population (2 million), the majority of whom reside in the Perth metropolitan area (Balla
& Davis, 1995). It has been estimated that over 75% of the ori!!inal
wethmds of the
c

Swan Coastal Plain have been filled-in, drained or lost as a result of agricultural practice
and/or urban development in the past 100 years (H;_tlse, 1988). Those wetlands still
remaining on the Swan Co:tstal Plain have been subject to varying degrees of
degradation and an overall reduction in environmental quality. Urbanisation is widely
recognised as a significant factor affecting the quality of wetland ecosystems (Congdon,
1986). Many of the wetlands situated in the highly urbanised and agricultural area.s of
the Swan Coastal Plain me subject to eutrophication, pollution and alteration of their
natural hydrological regimes (Davis eta/., 1987; Wrigley eta!., 1991; Balla & Davis,
1995). These factors of degradation are intenelatcd and largely the

con~equcnce

of the

extensive removal or wetland vegetation.

The clearing of vegetation around wetlands and in wetland catchments,
associated \vith urban dcvc!opmcnt, has resulted in the alteration of natural hydrological
rcgirm.'s due tn an increase in surface run-off and local rises in the watertable (Balla &
Davis. I '-N51. Many wetlands also receive drainage waters, acting as compensating
basins for the urban storlllwatcr drainage network (Congdon, 1986; Davis & Cheal,
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1995). Alternatively, increasing urbanisation within the metropolitan area has also led to
an increase in the demand for groundwater from the Gnangara and Jandakot Mounds
(Davis & Rolls, 1987). This has led to a reduction in the water levels in many wetlands
and may result in prolonged summer drying in seasonal wetlands (Balla & Davis,
1995).

Fringing wethmd vegetation acts as a filter for surface run-off that enters the
groundwater via wetlands (CALM, 1980). The extensive urban and agricultural
development on the Swc:.n Coastal Plain has resulted in the excessive use of fertilisers,
detergents and other indus trial pollutants which contmninate groundwater and surface
run-off. In addition, rw1-off from roadways within wetland catchments may also be a
source of heavy metal pollution in wetland ecosystems (Lund et a!., 1991 ). The
increase in surface run-off, associated with removal of fringing vegetation, has resulted
in elevated nlllrient leveLs and pollutants in many wetlands (Congdon, I986; Davis &
Rolls, 1987). Eutrophication of wetlands caused by excessive nutrient enrichment, in
particular phosphorus, has been found to cause an increase in algal biomass and a shift
in the phytoplankton community to dominance by toxic cyanobacteria, such as

Anabaena spiroides and Microcysris aemghwsa (Congdon, 1986). Wetlands subject to
eutrophication are characterised by cyanobacterial blooms, avian botulism and midge fly
(Chironomidac) population explosions during the summer months (Wrigley et al.,
1991). The organophosphate pesticide, temephos (Abate"), is regularly applied to
midge affected wetland.•; over spring ami summer and

this,

together with

domestic/residential and . 1gricultura! usage of pesticides, contributes to pollution of
wetlands by pesticide compounds such as organochlorines (Davis & Cheal, 1995).
Furthermore, cyanobacteria blooms cause noxious odour problems and a reduction in
the aesthetic, biological and environmental value of wetland ecosystems (Aplin, 1977).

The degradation of wetland ecosystems of the Swan Coastal Plain through
removal of fringing vegetation. altered hydrological regimes, eutrophication, addition of
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pesticides and heavy metals and introduction of non-native plants and animals has
resulted in a loss of biological diversity of both the flora and fauna (Davis & Cheal,
1995). These wetlands arc no longer able to support a potentially diverse biota and the
loss of essential components of the food chain, such as macroinvertebrates and
microcrustaccans, may be detrimental to the maintenance of "healthy" trophic
relationships (Davis & Rolls, 1987; Davis & Cheal, 1995). The need for appropriate
management strategies is vital for the enhm1cement

~d

maintenance of wetland integrity

and aesthetic and conservation valw.:. However, the lack of knowledge of the complex
processes involved in wellancl ecology has retarded the development of specific \Vetland
management programmes, particularly for wetlands of the Swan Coastal Plain (Balla &
Davis, 1995).

1.3 Issues in Wetland Management and Restoration

1.3.1 Physical Approaches to Management of Eutrophication

Various methods have been developed to control eutrophication which generally
involve nutrient control, namely phosphorw;, and removal of biomass (algae and/or
macrophytes). Lund ( 1992) reviewed a number of these methods which arc
summarised in Table 1.1.
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Table 1.1 Methods of restoration (nutrient and biomass control) for eutrophic

waterbodies (adapted from Lund, 1992).

RESTORATION METHOD

APPLICATION OF METHOD

1. Nutrient Diversion

Treatment or diversion of waters with high nutrient loads
entering a watrrbody

2. Dilution and Flushing

Addition of water low

in

nutrients

to

dilute

nutrient

concentrations or to mcrease water exchange which flushes
nutrients out of the waterbody

3. Phosphorus Inactivation

Usc of chemicals such as aluminium sulfate to bind phosphorus
in the water column and to retard its release from the sediments

4. Sediment O;ddation

Addition of an electron receptor to the sediment to restore an
oxkliscd state which decreases !he release of phosphorus from the
~edimen!

5. Sediment Removal

Dredging of nutrient rich sediment thereby reducing internal
phosphorus load

6. Hypolimnctic Aeration

lncre<Jsing the dissolved oxygen of the hypolimnion In improve
llsh stocks and provide a refuge for zooplankton - helps to reduce
algal biomass

7. Artificial Destratification

Pumping air into the hypolimnion to create turbulence :md
destroy the tltcmtocl inc - reduces rclc·,tsc of phospl1orus from the
sediment thereby controlling algal biomass

8. Lake Level Drawdown

Facilitates a wnge

of o!hcr

methods,

allows

sediment

compaction and can be used to control macrophytes
9,

Harvestin~

Removal of unwanted macrophytes either mechanically or using
herbivorous fish

10. Sediment Covers

Usc of screening materials to control rooted plant growth

1 . 3. 2 Biological Control

or

Eutrophication

Traditionally, limnologi.-;ts considered lake ecosystems to consist of components
linked through a unidirectional flo\v of innuence from nutrients --> phytoplankton _,
zooplankton -• fish (G(lphcn, 1990). The relationship between nutrient loading and lake
tmphic structure, or productivity, is widely recognised. However, it is now believed
that conmHtllity :-tructun:, biomass and production in lake ecosystems m·c inOuenced by
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both producers and consumers (Shapiro & Wright, 1984; Mills & Forney, 1987; Elser
& Goldman, 1991; Boon eta/., 1994; Carvahlo, 1994). Although energy can only flow
to higher trophic levels consumers or predators can influence the rate of energy flow
and the usc of energy sources (Mills & Forney, 1987).

Reducing the input of nutrients, in patiicular phosphorus, into lake systems is a
widely employed m<magement strategy (:-.ee Table 1.1) and has often resulted in
decreases in frequency and intensity of algal blooms (Boon eta!., 1994). However, it
has been suggested that significant improvement in water quality in a lake may take
many years due to the presence of large reserves of nutrients trapped in the sediments
(Boon et al., 1994). Investigations involving whole Jake systems and/or enclosures
have shown that altering the trophic structure may be an efficient method of reducing
algal biomass without implementing a reduction in nutrient input (McQueen & Post,
1988; Elser & Goldman, 1991). These observations have led to the development of a
number of theories related to the regulation of trophic level biomass in wetland
ecosystems (McQueen et ul.. 1989).

1.3.2.1 Bottom-up : Top-down Tfleol)'

The bottom-up : top-down theory combines the inOuenccs of both predators and
resource availability. This theory predicts that "maximum attainable biomass is
determined by nutrient availability (boltom-up), but that realised biomass is determined
by the combined effects of top-down and bottom-up forces" (McQueen eta!., 1989).
This theory also predicts that the top-down forces (predation) should be strong at the
top of the food chain and weaken towards the bottom, whereas bottom-up forces
should he strong at the bottom and weaken as they ascend (McQueen eta!., 1989). In
addition, Persson ct a/. ( 1992) suggest that food chain length is limited by

prim~uy

productivity. and llwt :m incrc<J:-.e in potential productivity at the botlom of the food
chain (bottom-up [()rces) will <lhvays result in an increase in biomass at the top trophic

len: I.
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As previously mentioned, most efforts to reduce the detrimental effects of
eutrophication on aquatic systems have focused on bottom-up (physical or nutrient)
mechanisms (Gop hen, 1990; Carvahlo, 1994). This traditional strategy was encouraged
until top level consumers/predators (eg. fish) were found to have profound effects on
lower levels of the aquatic community (Gophen, 1990). Studies regarding this
observation found that fish predation decreases zooplankton abundance, in particular
large-bodied zooplankton, thereby indirectly enhanciilg phytoplankton biomass. This
phenomi'!"!Oll is referred to as a top-down effect and is regarded as a cascading trophic
interaction (Carvahlo, 1994).

The discovery of top-down control in aquatic systems led to the development of
the biomanipulation concert. This concept was developed as a tool for the application of
trophic interaction theories to wetland ecosystems, and aims at manipulating planktivore
(fish) communities to enhance zooplankton abundanct.: and size, resulting in cascading
impacts on phytoplankton biomass (Carvahlo, 1994 ).

1.3.2.2 The Biomanipulation Concept

The tenn ''biomanipulation" was originally defined by Shapiro et a!. (1975) as
the management of aquatic environments hy controlling natural populations of
organisms to improve water quality. The theory that prcdJtonJ (eg. fish, zooplankton)
could limit prey populations led to the suggestion that increased piscivore (carnivorous
fish) abundance may result in decreased planktivorc abundance, increased zooplankton
abund;mcc, and a consequent reduction in phytoplankton biomass (Shapiro & Wright,
19H4; Carpenter f'/ a! .. 19R7: McQueen & Post, 1988; DeMelo eta/., 1992).

ivlos! llHmlanipulatinn invcstigtltions have focused on the manipulation of
·;;ooplanktivornu~:

fish populations and/or zonplankton populations to increase grazing

pressure on phytoplankton (Shapiro & Wright, !984). Zooplanktivorous fish arc size-
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selective zooplankton predators and their predation causes a reduction in the abundance

of large-bodied zooplankters, thus enhancing phytoplankton populations (Gophen,

1990). Numerous investigations on lake ecosystems have shown that following
elimination of zooplanktivorous fish populations, zooplankton abundance decreased,
but the mean size of zooplankters increased, resulting in a decrea"e in phytoplankton
biomass (Shapiro & Wright, 1984; Carpenter et al., 1987; McQueen et al., 1989).
Alternatively, other studies have shown that increased grazing pressure had no effect on
total phytoplankton biomass, and improvements in water quality were only due to a
shift in the phytoplankton community structure (Gophcn, I990). Thus, whether the
manipulation of lake trophic structure can effectively reduce toxic cyanobacterial blooms
has become a controversial issw: among limnologists.

Toxic cyanobacteria, which cause the most severe environmental problems,
have been found to have

adve~ .~e

affects on zooplankton populations (Boon et al.,

1994). Many cyanobacteria species arc not efficiently utilised by zooplankton, in
particular cladocerans, due to their large size, inconvenient shape. low nutritional value,
and/or toxic nature (Oawidowicz, 19901!; Gophen, 1990; Boon er a!., 1994). In highly
eutrophic lakes, the presence of some species of cyanobacteria (cg. Anabaena spp.) can
cause a reduction in population growth rates of large cladocerans, resulting in a shift in
the population fmm large-bodied to small-bodied animals (Kirk & Gilbert, 1992).
Gliwicz ( 1990) found that even when large cladocerans arc released from fish predation
they 0ften cannot grow and reproduce fast enough to prevent or con tool cyanobactelial
blooms in eutrophic lakes. f<urtlicrmore. cyanobacterial filaments cannot be efficiently
grazed upon by filter-feeding cladoccrans because they interfere with filtering processes
(Dawi~lowicz,

1990a: 1990h).

In Australia. it has hccn suggested that the control of eutrophication by
biornanipulatiPn tccllniqucs is unlikely to be successful because Australian species of
large cladoccr:lllS (cg. /JtifJhnia C(lrinata, Ceriodaplmia dubia), which have the potential
for high grazing rates, usually do not graze on cyanotmcteria. In addition, many
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Australian lakes are dominated by mtifers and copepods, which also have low feeding
and grazing rates on cyanobacteria (Boon et at., 1994 ). Thus, the effectiveness of
biomanipulation techniques, especially in Australia,

may be questionable and

appropriate management strategies may require the additional use of bottom-up
techniques for effective control of eutrophication.

1.3.2.3 Humic Suhshmces in Aquatic Ecosystems

The presence of gilvin in aquatic ecosystems hm; been found to have a
considerable impact on the physical and chemical environment, thereby affecting
biological processes, in pm1icular phytoplankton growth (Jones, 1992). Investigations
regarding the effect of gilvin in aquatic ecosystems have revealed six major properties
of gilvin that are b·dicved to alter biological processes. These include:

l) Altering pH ; acid components of gilvin can cause a decrease in pH which adversely

affects many aquatic organisms (Petersen, 1989).
2) Ajfecting light {/ttenuatirm ; coloured humic substances affect the attenuation of
photosynthetical!y active radiation, thereby inhibiting photosynthetic processes of
phytoplankton and aquatic macrophytes (Kirk, 1986).
3) lnjluencing dissolved oxygen concentration ; the decomposition of organic matter
which releases gilvin and associated chemical oxidation can result in substantial
depletion of dissolved oxygen within the water column (Davis et a!., 1993). Low
oxygen concentrations can adversely affect metabolic processes of aquatic organisms.
4) Addition

r~/'

toxic

co/1/fHJil!lds ;

gilvin is believed to comprise a variety of toxic

compounds that arc known to be inhibitory to biological processes (Petersen, 1989).
5) Prol'iding a source
~1quatic

r~l

carbon ; gilvin can provide a direct source of carbon to the

ecosystem in the form of dissolved organic carbon (DOC). Increases in DOC

arc believed to stimulate primary productivity (Jones, 1992).
6) Cnmph'.\11/ion: gilvin can complex with nutrients, metals atld ionic regulators in the
water. This can often decrease their availability and retard metabolic processes.

lO

However, gilvin complexation has also been known to stimulate the metabolism of
aquatic organisms (Petersen, 1989).

Very few studies have been carried out regarding the use of gilvin as a "tool"
for wetland restoration. Lund & Ryder ( 1Y95), in a study of mtificially generated
gilvin, suggeM that in watcrbodics with high alkalinity, such as those in the Spearwood
Dune System, addition of mtificially produced gilvin is not a very useful management
tool and can often stimulate, not inhibit, the growth of cyanobacteria. However, in
waterbodies where the pH is lower (eg., 6.5-7.5) addition of artificial gilvin may help
to reduce alga: biomass.

1.4

Lake Joondalup and Associated Wetlands

Lake Joondalup is one of the largest remaining permanent Jakes of the Swan
Coastal Plain (Congdon, 1986). Despite increasing urbanisation. it supports highly
diverse terrestrial and riparian nora! cmr. ,unities, and an abundant and

div~rse

aquatic

fauna (DPUD, I99 I; Kinnear & Garnett, unpub. manuscript). Lake Joondalup is also
considered to be an important summer refuge and breeding ground for migratory
waterbirds (Congdon, 1986). However, like other wetlands of the Swan Coastal Plain,
Lake Joondalup is increasingly threatened by eutrophication and degradation (Congdon,

1936).

1.4.1

Nutrient Status of Lake .Joondalup

The blst two decades have seen several studies of the nutrient status of the
wetlanJs of the Swun Coastal Plain. These studie5 have either included Lake Joondalup
as one

(lr several

selected wetland sites (Davis & Rolls, 1987; Davis ct a!., 1993) or

have focused on !!lis l<1kc in rarticular (Congdon & McComb, 1976; Congdon, 1979;
Gord(lll

t'l

a! .. !081: Congdon, !086). The nutrient, or trophic, status of this water

body. as defi1H:d hy the levels of phosphorus and chlorophyll a, has been variously
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described as mesotrophic (Davis eta!., 1993), mildly eutrophic (Congdon & McComb,
1976) or excessively eutrophic (Congdon, 1986). Much of this conflict has :.u·isen as a
result of inadequate sampling intensity, differences in sampling site.<; and the time of
year the samples have been taken. The clearest picture of the nutrient status of Lake
Joondalup has emerged from those studies which have involved intensive sampling on
a seasonal basis. The studies by Congdon (1979, 1986) and a third most recent study
conducted by Kinnear & Garnett in 199l/92, fall into this category and provide a
general picture of the nutrient status of this wetland.

Eutrophication of Lake Joondalup is believed to be caused by excessive
phosphorus input carried in the surface water which flows from Beenyup Swamp
through the southern section of Lake Joondalup and into the main water body
(Congdon, 1986). Total phosphorus and phosphate show a strong increasing gradient
in a north to s(luth direction, with Bcenyup Swamp and southern Lake Joondalup
sustaining high levels throughout the year, \Vhile the main water body of Lake
Joondalup has significantly lower phosphorus concentrations (Kinnear & Garnett, op.

cit.). Congdon ( 1986) suggested that surface discharge from the southern wetlands
contributes up to 98% of phosphorus input into the main water body. Unlike both the
southern Lake Joondalup and Becnyup Swamp, the main water body sustains 1"C!atively
high chlorophyll a values for most of the year, manifested as cyanobacterial blooms
during the warmer months (Kinnear & Garnett, op. cit.). In comparison, the southern
section of Lake Joondalup and Bcenyup Swamp are considereU dystrophic with low
levels of chlorophyll a

despite high concentrations of phosphorus indicative of

eutrophic conditions (Kinnear & Garnett, op. cit.).

1.4.2 Aquatic Invertebrate Fauna

Surveys nf the invertebrate aquatic hmna of Lake Joondalup and other wetlands
in Ycllagonga Regional Park arc ;jmited. particularly those regarding microcmstacea
An e<1rly swdy of the fauna of the Swan Coastal Plain wetlands found that Lake
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Joondalup contained a highly diverse and abundant aquatic fauna (Western Australian
Museum, 1978, cited in Congdon, 1986). In comparison, Davis et al. (l993), in a
survey of the aquatic fauna of selected Perth wetlands, found only 18 species in Lake
Joondalup and concluded that it was depauperate of aquatic invertebrate fauna, and was
missing important higher order consumer levels. However, the low species richness
recorded in this survey may have been due to limited sampling, both spmia!ly <md
temporally.

The more recent survey conducted by Kinnear & Garnett (op. cit.) was much
more intensive and found Lake Joondaluv and Beenyup Swamp to have a highly
diverse aquatic fauna. In the northern section of Lake Joondalup, in a similar area to
that sampled by Davis eta!. ( 1993 ), they identified 59 species of aquatic invertebrates.
Beenyup Swamp and the .southern section of Lake Joondalup were found to be
prutieularly species rich, containing 78 and 100 species, respectively. The inve11ebrate
samples of these two dystrophic areas were dnminatcd largely by the microcrustaccan

D. carinata, which persisted in great

ab~mdance

throughout the sampling period.

1.4.3 Management and Research Issues

The dystrophic nature of the southern-most water bodies, Beenyup Swamp and
Lake Joondalup (south), exhibiting low chlorophyll a

levels despite excessive

phosphorus enrichment, has led to suggestions that factors other than nutrient
enrichment are inhibiting phytoplankton growth in these areas (Congdon. 1986).
Congdon ( 1986) suggested that the presence of dissolved humic substances (gilvin) in
the highly vcgctntcd Bccnyup Swamp may be acting to inhibit primary production in
this wetland and the adjacent southern Lake Joondalup. However, preliminary temporal
data gathered by Kinnear & Garnctl (op. cit.) indicated that the rapid decline in
chlorophyll o in late summer preceded the onset of winter rains and the initiation of
surface water flnw between these two wetlands, suggesting that other influences may
be involved.

Davis e/ af. (1993) suggest that grazing by zooplankton may play a
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significant role in the control of a1gal blooms. Furthermore, Kinnear & Garnett (op.

cit.) suggest that grazing by mi.::rocmstacca may also be contributing to the control of
phytoplankton biomass in Beenyup Swamp and the southern section of Lake
Joondalup.

With these assertions in mind, this current research project was designed to
describe the temporal and spatial patterns of the relevent water chemistry parameters,
phytoplankton biomass and zooplankton abundance. Attention was focused on the
dystrophic southern wetland areas with the aim of using these chemical and biological
patterns to infer the most likely factors influencing phytoplankton growth in conditions
of nutrient enrichment. The outcome of this research may have potentially important
implications for the subsequent management of Lake Joondalup and associated
wetlands.

1.5 Research Aims

1. To describe the patterns in selected water chemistry parameters and microcncstacean
abundance in Becnyup Swamp and the adjacent sections of Lake J oondalup. Particular
attention will be given to the period governed by the onset of winter rains and the
initiation of :mrface water flow in these wetlands.

2. Following analysis of

thes~~

temporal and spatial patterns, to identify the likely

factors determining the patterns of phytoplankton biomass in these waterbodies.

3. To suggest the most effective management strategies to aid m the control of
eutrophication of Lake .Joondalup.

This \viii he achieved hy measuring fortnightly changes in the following
varia hie:~ for !he three selected sites of Bccnyup Swamp, Lake Joondalup directly north
of Ocean R.ccf rnw 1 .t1i~!

~-.1Kc

.loondall1p south of Ocean Reef Road:
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(a) Physical variables:

•

Waterdeph

o

Wat{'r temperature

•

Secchi depth

(b) Water chemistry variables:

•

pH

•

dissolved oxygen

•

gilvin

•

orthophosphate

•

nitrate/nitrite

(c) Biological variables:
•

Relative phytoplankton biomass (ao, determined from chlorophyll a content)

•

Microcrustaccan abundance, diversity and distribution

•

Relative biomass and size of D. carinata
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2. METHODOLOGY

2.1 Study Area

2.1.1 Physical Environment

The wetlands sampled during this study, Lake Joondalup and Beenyup Swamp,
are located within Yellagonga Regional Park. The Park lies in the north-west corridor of
Perth, approximately 20 km nor1h of Perth and 6 km east of the Indian Ocean and
covers an ru·ca of approximately 1,400 ha {DPUD, 1991). The Park contains some of
the most important wetlands of the Swan Coastal Plain including Walluburnup Swamp
and Lake Goollclal to the south, in addition to Lake Joondalup and Beenyup Swamp
(Figure 2.1; Plate 2.1 ). These wetlands are surface expressions of the Gnangara Mound
groundwater system and are part of a series of lakes which form a chain of wetlands
parallel to the Indian Ocean, within the Spcarwood Dune System (DPUD, 1991 ).

The Spearwood Dunes arc an intennediatc-aged dune system comprising a core of
consolidated, windblown, calcareous sand with a hmdcapping of secondary calcite
formed by the leaching of carbonate from the upper horizon (McArthur & Bartle,
1980). Three different soils types are present within Yellagonga Regional Park
(Figure 2.2), and have been described by McArthur & Battle ( 1980) as:

1. Karakatta Sand I yellow phase (Ky)- displaying a grey I brown surface passing
into bright yellow sand with limestone occurring within the first two metres.

2. Spcarwood Sand (Sp)- characterised by a dark brown sandy surface grading
into yellow I brown or brown sand with limestone occurring within one metre of
the

.~urf~1cc.

3. Reonaddy Sand (B)- dark grey surface sand becoming lighter with depth.
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Figure 2.1 Wetlands of Yellagonga Regional Park (from DPUD, 1991).

Plate 2.1 Aerial photograph
(nominal scale 1: 25 000)

or wetlands or Yellagonga Regional Park

SCALE

0,___ _ 500_ _ _....J
1000 \
----~.

Metres

_J

LEGEND

\;)\ ~~~gJ;~~l~ K y
Sp

Karraka tta Sand (yellow phase). Groy-brown sandy
surlaco passing into bright yo llow sand.
Spearwood Sand. Brown sandy surloco
ovor bright yellow-brown sand.
Beonaddy Sand. Very dark grey undy surfaco over
vory light grey sand, :sometlme:s with brown mottling.

Wetland
Boundary of Park

F igure 2.2 Soils of Yellagonga Regional Park (from DPUD, 1991).

Lake J oondalup is a shallow, linear lake which dominates the visual scenery of
Yellagonga Regional Park (Davis & Rolls, 1987). It is one of the largest petmanent
lakes of the Swan Coastal Plain (Congdon, 1986), with a total area of 593 ha
comprising 449 ha of open water, 79 ha of sedgeland and 64 ha of paperbark woodland
(Davis & Rolls, 1987). It is divided by Ocean Reef Road into two sections, the largest
water body to the north, and a smaller section to the south. Abutting this southern
section of Lake Joondalup is the small Beenyup Swamp, and immediately to the southeast, Walluburnup Swamp. Surface water flows into the southern section of Lake
J oondalup from the Beenyup/Walluburnup Swamp system as a result of landform
elevations, and stormwater run-off supplies both northern and southern sections
(Congdon, 1986). The northern and southern sections of Lake Joondalup are connected
by a man-made tunnel that passes underneath Ocean Reef Road (Plate 2.2). Engineering
work completed in the summer of 1995/96 has resulted in considerable enlargement of
the tunnel opening. It is probable that the enhu·gement of this opening will cause an
increase in water flow from the southern to the northern section of Lake Joondalup
during the winter period.

Plate 2.2 Tunnel below Ocean Reef Road connecting the Lake Joondalup (north) and
Lake Joondalup (south) waterbodies. Photograph taken from Lake Joondalup (south)
facing north.
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2.1.2 Climate

The Swan Coastal Plain experiences a Mediterranean climate characterised by
hot, dry summers and cool, wet winters, with 90% of the annual rainfall (av. 870 mm)
occurring between April and October (Davis & Rolls, 1987). The water level of Lake
Joondalup and associated wetlands fluctuates seasonally and from year to year in
response to variations in rainfall, evaporation and height of the water table (Allen, 1976;
Congdon, 1986). Although Lake Joontlalup is considered a permanent wetland, it is
subject to some degree of summer drying. The northern-most section of the main water
body usually retains a significant amount of water during the summer months, whereas
the southern region of the lake and Bcenyup Swamp may completely dry out.

2.1.3 Vegetation and Land Usc

The vegetative communities in and around Lake Joondalup and associated
wetlands have been described by DPUD (1991) (Figure 2.3a, b) and include:
•

Fringing Paperbark Woodland (Melaleuca rlwphiophylla)

•

Flooded Gum Woodland (EuL·afyptus mdis)

•

Jarrah - MmTi - Banksia Open Forest (E. marginata, E. cafopllylla, Banksia

atte1111ata)
•

Tuart- Jarrah- Marri Open Forest (E. gomp!wcep!wla, E. mm:r;inara, B. al/enuata)

•

Emergent aquatic vegetation (Bwmu:a articulata, Typha orienta/is, Sc!wenop/ecl/ls

validus)
•

Disturhcd areas (agricultural areas. grassed areas, weed invasion)

The vq;ctation surrounding. Lake Joondalup and as.-.ociated wetlands has been

sub,icctcd tn alteration hy land usc practices from the time of European settlement
(DPUD, 1991; Davis cl uf., 1993). The western shore of the main water body supports
ncar-natural stands of .Jarrah-Marri-Banksia woodland, while a large portion of the
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eastern shore has been cleared for agricultural practice, recreational facilities and urban
development (Davis & Rolls, 1987). Further clearing and alteration for residential
development is currently occurring. The southern section of Lake Joondalup has also
been subjected to extensive urbanisation over the past decade, and a large section of U1e
natural fringing vegetation has been replaced by !awned areas, many of which are
sloping towards the lake. Beenyup Swamp however, remains highly vegetated and
contains extensive stands of paperbark (M. rhaphiophylla). The removal of areas of
fringing vegetation and replacement with lawns has allowed ir.vasion by the Arum Lily
(7..antede.\·chia ae!hiopica) (DPUD, !991 ).

2.1.4 Historical Significance

Prior to European settlement, the land north of the Swan River was known as
the Mooro district and supported a group of approximately 28 Aboriginies (James,
1989). Yellagonga Regional Park was named to honour Yulgunga, the leader of the
Mooro district tribe (Brittain, 1990). This tribe utilised the Lake Joondalup area as a
camping place due to the abundance of fresh water, waterbirds, frogs, tortoises,
kangaroos and other marsupials (Brittain, 1990: DPUD, 1991). Between 1820 and
1850, European occupation of the Mooro district tribal area wus accompunied by
subdivision of land into pastoral leases and cattle droving (Brittain, 1990). The Lake
Joondalup site was on the Canning Stock Route and Neil Hawkins Park, at the northern
end of the lake,

wa~

used as a "Watering Place" (James, 1989). Conflict between these

early Europt.:an settlers and the Aboriginal inhabitants Jed to the breakdown of
Aboriginal life-style, causing them to completely retreat from the area by the 1930s
(Brittain, 1990). It has been suggested that the Yel!agonga mea still retains enormous
cultural and rnylhologica[ significance to the present Nyoongah tribe as it fonm part of
tllcir "dreaming .. (.Jtmlcs. !9X9).
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Figure 2.3 Vegetative communities of Yellagonga Regional Park (a) north of Ocean
Reef Road (b) south of Ocean Reef Road (from DPUD, 1991),

2.2 Sampling Sites

Given the need to substantiate the temporal and spatial patterns of the physical,
chemical and biological variables described in the following sections, three distinct
sampling sites were chosen for this study (Figure 2.4). These are:

Site I - Beenyup Swamp (Plate 2.3a)
Site 2 - Southern section of Lake Joondalup (Plate 2.3b)
Site 3 - Main water body of Lake Joondalup, immediately north of Ocean Reef Road
(Plate 2.3c)

3 -Lake Joondalup (north)

2- Lake Joondalup (south)

1 - Beenyup Swamp

Figure 2.4 Locations of the study sites in Lake Joondalup and Beenyup Swamp.
Sites are indicated by shaded areas.
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(a)

(b)

(c)

Plate 2.3 Study sites (a) Beenyup Swamp (b) Lake Joondalup (south) (c) Lake
Joondalup (north).
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2.3 Sampling Programme

Initially, sampling was to take place on a fortnightly basis from the period
March to August, 1996. However, the late onset of winter rainfall resulted in excessive
drying of the wetlands and prevented sampling until water levels were sufficient for
adequate replicHtion. The Lake Joondalup (north) and Beenyup Swamp study areas
were not sampled until June. Lake Joondalup (south) was sampled on two occasions
(March and April) at the beginning of the sampling period. and then when winter rains
commenced in June. In addition, problems relating to the use of boat facilities prevented
fortnightly sampling on one occasion, resulting in one three week interval in the
sampling period.

On each sampling occasion four replicate samples were chosen for each study
site. Numbered grids overlaid on study site maps were used to randomly select
positions for replicate samples (Fi!:,ure 2.5a, b). An aluminium punt was used to access
replicate sites in both study areas of Lake Joondalup. The dense vegetation and shallow
nature of Bcenyup Swamp prohibited the use of the punt, and it was therefore
necess•u·y to wade through the water to access sample positions. The appropriate
measurements and collections that were made at each position to allow the necessary
physical, chemica! and biological analysis will be discussed in the following sections.

2.4 Physical Measurements

2.4.1 \VHtcl' Depth

iVkasurin~~

marked :11

~~vcTy

w<tll::r depth wa-; achieved using a depth stick of 2.5 metres in length.

0.01 111 intervaL Due tn very soft substrate at the bottom of the Lake

JtlO!HI:dup 1JHlrthl site. a metal disc approximately 0.15 m in diameter was attached to

\he

l'lld

()r

JilL'

depth

Slick

(0

!Jli!Jif1liSe

penetration

intO

the

Sediment
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Figure 2. 5 Study sites with grid overlay (a) Beenyup Swamp (b) Lake J oondalup
(south) and (north).
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2.4.2 Secchi Depth

The Sccchi disc is used to measure water transparency which can be affected by
colour, algal biomass and turbidity. Sccchi depth determinations can be used to
characterise the trophic state of a lake if light attenuation is due to the presence of algae
only (Lund, 1992).

Sccchi depth readings are obtained using a Secchi disc, a 0.2 m diameter disc
with alternate white and black quarters. The disc is lowered into the water until it
disappears from view, at which point a depth measurement is recorded. The disc is then
raised slowly until it just reappears and a second depth measurement is recorded. Thc:.;e
two depth readings arc averaged to obtain a Sccchi depth. Sccchi measurements arc

always performed in the shade to avoiU interference from water

~urfacc

rcllcctions. In

this study, however, the shallow nature of the wetlands and the low light atlcntuation
meant that the disc was visible through the entire water column and no

readin£~

were

recorded.

2.4.3 Temperature

Water temperature was taken in .\'itu with a thermometer probe atlachcd to a
Portable Microprocessor pl-1 meter (Hanna: model Hl R42--l). When water in the study
areas was sufficiently deep. \Vater temperature was recorded at two different depths -

directly below the water

surf<~cc

and

lll':ll·

the hottom of the water column. In areas

where water depth was lc:ss than 500 mm \Vater temperature \Vas recorded only at midcolumn depth because vari:1tion of tempermure throughout the shallow water column
\Vas unlikely to occur. Prc!in1inary observations fnund there to be no significant
difrr.:rcncc between top :111d hottnn1 samples, thcrcfnn: they were a\'cragcd to ohtain a

single lclllpl'r:ttun·

v~due.

29

2.5

Water Chemistry

2.5.1 pH

pH was measured using a Portable Microprocessor pH meter (Hanna; model HI
8424) following the procedure outined in section 2.4.3 for temperature measurements.

2.5.2 Dissolved Oxygen

Dissolved oxygen concentration (mg L 1) of the water was measured using :.m
oxygen meter (Orion; model840) following the procedure outlined in section 2.4.3 for
temperature measurements.

2.5.3 \Vater Collection and Handling

Water samples were collected in 2.0 litre plastic bottles from approximately 300
mm below the water surface. Once collectecl. each water sample

V·/a<;

placed on ice until

transported to the laboratoty. On return to the laboratory, water samples were

refrigerated (4 °C) in the dark for a maximum of three days until filtration took place.

For nutrient analysis. two 0.25 L volumes of water from each sample were
filtered through glass fibre filter papers (Whatman GF/C 45 mm) in a filtration tower.
The resultant filtrate from each 0.25 L replicate was dispensed into two 0.150 L
Whirl-paks (Nasco· ). Thc:-.e :-.amples were then frozen until nutrient analysis took
place. The remaining !liter paper collectet.l from each 0.25 L sample was used in
chlorophyll u deterrninations {see section 2.6.1.1 ).

1·1H ~tl\ 111 an~li\":-.1.~. I\\"O
'

.

{).()5 L volumes of water from each replicate sample

\\'lTl' iiltcr~'d thtull~!ll i-!la;-,:~ fihrL'

filter paper (\Vhatman GF/C 45 mm) in a filtration
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tower. The filtrate was then filtered through a 0.22 11m filter unit (Millex/GS;
Millipore). The resultant filtrate was stored in lO mL stoppered tubes at room
temperature until analysis.

2:.5.4 Gilvin Analysis

The gilvin content and E/Er, ratios of the water samples were determined
spectra photometrically from measurements of absorbance (A) at 440,465, and 665 nm,
zeroed with distilled water for each wavelength reading. The calculations for gilvin
content and E/E0 ratios using measured absorbance values were taken from Wrigley et

a!.. ( 1988) and are as follows;

Gilvin

(g4411

m 1) == (Awo

X

2.303)

X

l 00

E/E6 ratio == A 465
A

Ms

2.5.5 Nutrient Analysis

Taking into account both time ;:md financial constraints, nutrient analysis of the
water samples was restricted to:
•

Orthophosphate

•

Nitrate/nitlitc

TIH!se chemical variables were analysed using a Skalar San rtus segmented flow
analyst::r.
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2.6 Biota Sampling and Processing

2.6.1 Chlorophyll a Analysis

2.6.1.1 Chlorophyll a Determination

Estimating chlorophyll a

(chi a) content is

a useful determinant of

phytoplankton productivity in aquatic systems. Chlorophyll a determination is less timeconsuming than phytoplankton counts, and can also be used to estimate phytoplankton
biomass.

The filter papers obtained from filtering the water samples were placed in lO mL
round-bottom centrifuge tubes and macerated with 5 mL of 90% acetone for two
minutes, using an ultrasonic tissue homogenizer. Tubes were then topped up with 90%
acetone to 10 mL, stoppered, stirred

011

a test tube buzzer. and refrigerated ( 4 "C) in the

dark for 24 hours. To ensure storage in complete darkness, trays of tubes were covered
in aluminium foil. After refrigeration, the tubes were stirred again and centrifuged for 2
minutes at 2500 rpm. Tubes were flicked to wash down any fibres, before centrifuging
for a further I 0 minutes.

The supernatant from each ceutrifuged tube was carefully decanted and
absorbance measurements at 630, 647.

664, and 750 nm were

read on a

spectrophotometer (Hitachi; U-1100; cell path length 0.01 m). The calculation to
determine chi a (~tg L

1
)

\Vas taken from APHA (1989) and is as follows:

Chi u (pg L" 1) =[ l 1.85

(ArM -

A 7 _~,)

··

1.54 ( A 1.~ 1 - A 7_, 11 )

-

0.08 (A1,;11 - Ann)] x 10/V(L)

where: A:::: absorbence and V =volume of water filtered
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2.6.1.2 Biomass Estimation

Phytoplankton biomass was estimated from chlorophyll a concentrations. On
average, chlorophyll a comprises approximately 1.5% of the dry weight of algae,
therefore, biomass estimations were made by multiplying chlorophyll a concentration
by a factor of 67 (APHA, !989). Biomass values were then converted to mg L' 1 from
J.lg L- 1 for better graphics presentation.

2.6.2 Microcrustacea Analysis

2.6.2.1 Microcrustacea Abundance and Species Diversity

Zooplankton samples were collected with a 340 mm diameter hand-held
plankton net (75 f.Un mesh). The net was swept through the entire water column for a
distance of 1.0 m. Contents of the net were carefully washed with 70% ethanol into
1.0 L containers filled with 0.5 L of 70% ethanol.

Microcrustacea were identified to species where possible usmg the Applied
Science (ECU) reference collection and appropriate keys. The relative abundance (in+ l)
of each species was also determined. When abundance was very high, 25% and I 2.5%
subsamples were taken.

2.6.2.2 Relative Bioma.1·s Estimation

Biomass estimations were calcul<:tcd for the numerically dominant D. carina/a,
as species of this genus may play a role in the natural control of phytoplankton
biom~tss.

Hin111ass l':-.lima!ion traditionally rcquirics the usc of lcngth/dty weighl

rcgre:,si(I!J line." fur each species
such

dai~L

diiTcrcncc in

or mierocrustacen. !3ottrcl1 eta!. ( 1976), in a review

of

tlcnmnslratcd thm for micmcrustacca species there is little significant
regrcs~inn

equal ions between species within genera.
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In this study, only length measurements of D. carinata were required. For these
length measurements, 50 individuals from each replicate sample were wet mounted on
microscope slides and measured from the apex to base of carapace (Figure 2.6) using a
micrometer eyepiece in a compound microscope (Olympus: model BHS). Dry weight
was estimated from the sample mean length using the following regression equation
from Bottrell et af.. (1976);

In W =in a+ b. In L
where; W (weight);'?

(~g)

Ina; 1.4681

b; 2.8292
L =measured length of animal (nun)

Weight was then convettcd fi·om In to nonnal values and relative biomass was
calculated by multiplying mean sample weight by relative mean abundance.

Size class distributions of D. carinara

were determined by calculating the

percentage of individuals in 5 different size classes. These were: 0-l mm, [ -2 mrn. 2-3
mm, 3-4 mm and 4-5 mm.
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Figure 2.6 Body size measurement of D. carinata.

2. 7 Data Analysis

Data sheets were developed in SPSS version 6.1 to allow statistical analyses on
selected physical , chemical and biological variables. Data were checked for normality
and, where appropriate, log-transformed (In+ 1) prior to statistical analysis.

Two-way ANOVA was used to test for significant site and temporal effects on
the measured variables. Where there was a significant difference between sites (at the
95% confidence level), one-way ANOVA and post-hoc ml\ltiple range tests
(Bonferroni, Student-Newman-Keuls, Tukey's) were carried out to)dentify the extent
of the difference.

A correlation matrix was developed for selected physical, chemical and
biological data. Those variables that were significantly correlated with chlorophyll a
were further analysed using step-wise multiple regression.
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Data were displayed in graph form using CA-Cricket® Graph III™ versron
l.5.1 f. Log-transfonned data were used where appropriate. Standard errors were
indicated on graphs except where they were too small to display.
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3. RESULTS

3.1 Climatic Conditions

The mean atmospheric temperatures in the Wanneroo Shire decreac;ed steadily
over the sampling period (March to August), as would be expected in a mediterranean
climate during this time of year (Figure 3.1). The onset of winter rainfall occurred in the
May/June period with peak rainfall occurring in June and July (Figure 3.2).
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Figure 3.1 Mean atmospheric temperature (maximum and minimum) for the
Wanneroo Shire, March to August 1996.
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Figure 3.2 Mean mnnlhly rainfall for the Wanneroo Shire, March to August 1996.
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3.2 Physical Variables

3.2.1 Water Depth

The low rainfall during summer and autumn, coupled with relatively high
atmospheric temperatures, resulted in considerable d1ying of Lake Joondalup during
this period. Beenyup Swamp remained completely dry until late May. While Lake
Joondalup (south) retained sufficient water for sampling at the beginning of the study,
sampling was delayed in LakeJoondalup (north) and Beenyup Swamp until June when
water levels increased allowing adequate replication. Surface connection between the
three water bodies occurred after the commencement of winter rainfall. Water flow from
Lake Joondalup (south) to Lake Joondalup (north) through the tunnel was observed 14
weeks after the commencement of sampling (24 June 1996). Surface water flow from
Beenyup Swamp to Lake Joondalup (south) was not observed until 17 weeks after
sampling commenced (14 July 1996).

Water depth in Beenyup Swamp was the lowest of the three sample sites
(Figure 3.3a). The complete absence of water in Beenyup Swamp until late May
indicates a strong seasonal influence and a dependence of water levels on rainfall,
evaporation and groundwater levels. Water depth in Lake Joondalup (south) was the
highest of the three sample sites over winter (Figure 3.3b). Following the onset of
winter rainfall, water levels reached a maximum mean depth of 1000 mm. Water depth
in Lake Joondalup (north) v.as affected by the low rainfall and high temperature!' over
summer to a greater extent than Lake Joondalup (south) (figure 3.3c). Following the
onset of winter rainfall and initiation of water flow from Lake Joondalup (south), water
depth in l.akc Joondalup (north) increased steadily for the rest of the sampling period,
rcachinp: a 11\aXl!lHlllllllean depth of900 mm.
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Figure 3.J Mean water depth for (a) Bccnyup Swamp; (b) Lake Joondalup (south);
(c) Lake Joondalllp (north) for the sampling period. Error bars represent± 1 S.E.
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3.2.2 Water Temperature

All three sites appeared to show similar seasonal trends in water temperature
(Figure 3.4) however, there was a significant difference in water temperature between
sites over the sampling period (p<O.OS) In addition, mean temperature was significantly
lower in Beenyup Swamp than the other study sites (p<O.OS). Water temperatures in
Beenyup Swamp ranged between 14.5

oc

on the first sampling occasion (10 June

1996) and 11.2 °C, recorded towards the end of the sampling period (12 August 1996).
Water temperature for Lake Joondalup (south) was high on the first two sampling
occasions (18 March 1996, 4 April 1996), reflecting high atmospheric temperatures.
Following the commencement of winter rainfall, water temperature in Lake Joondalup
(south) ranged between 17.0

oc and

13.0 °C. Lake Joondalup (north) exhibited the

greatest decline in water temperature from 22.5

oc to

12

oc following

the onset of

winter rains. Following this initial decline, water temperature in Lake Joondalup (north)
exhibited a pattern similar to that of Lake Joondalup (south).
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Figure 3.4 Mean water temperature for Beenyup Swamp (Beenyup), Lake
Joondalup (south) (JS) and Lake Joondalup (north) (JN) for the sampling period. Error
bars too small to be displayed.
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3.3 Water Chemistry

3.3.1 pH

There was a significant difference in mean pH levels between sites over the
sampling period (p<O.Ol). Beenyup Swamp maintained a near-neutral pH for the entire
sampling period (Figure 3.5). Mean values ranged between 6.8 and 7.3 and,
independent of time, were significantly lower than the other study sites (p<0.05).
Values for Lake Joondalup (south) exhibited a slight decrease following the onset of
winter rain and then remained relatively constant around a value of 7.5 for the
remainder of the study. The initial highly alkaline value of 9.9 in Lake Joondalup
(north) was followed by a sharp decline coinciding with the onset of winter rainfall and
initiation of water flow from Lake Joondalup (south). For the rest of the sampling
period pH in Lake Joondalup (north) showed a pattern similar to that of Lake Joondalup
(south) with values ranging between 7.5 and 8.0.
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Figure 3.5

Mean pH values for Beenyup Swamp (Beenyup), Lake Joondalup

(south) (JS) and Lake Joondalup (north) (JN) for the sampling period. Error bars
represent ±1 S.E.
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3.3.2 Dissolved Oxygen

Dissolved oxygen concentrations in Beenyup Swamp were consistently lower
than the other sample sites throughout the sampling period, hence the significant
interaction between sites over time (p<O.Ol; Figure 3.6).

Dissolved oxygen

concentrations in Lake Joondalup (south) and Lake Joondalup (north) followed a
similar pattern throughout the study. Concentrations at both sites were initially very low
(4.7 mg V and 5.8 mg L"', respectively) then increased sharply in June, coinciding
with the onset of winter rainfall. For the rest of the sampling period concentrations
varied between 8 mg L' and 9 mg L' in Lake Joondalup (south) and between
7.0 mg L·' and 8.5 mg L' in Lake Joondalup (north).
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Figure 3.6 Mean dissolved oxygen (mg L') for Beenyup Swamp (Beenyup), Lake
Joondalup (south) (JS) and Lake Joondalup (north) (JN) for the sampling period. Error
bars represent ±1 S.E.

3.3.3 Gilvin and E4 I E6 Ratio

There was a sigoificant difference in gilvin levels between the three study sites
over time (p<O.Ol). Gilvin levels in Beenyup Swamp showed an increasing trend from
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week 12 to week 19 and then decreased slightly towards the end of the sampling period
(Figure 3.7). In comparison, gilvin levels in Lake Joondalup (south) were initially low
and then increased substantially to levels between 12 and 14 g440 m' following the onset
of winter rains and initiation of water flow from Beenyup Swamp, after which they
remained relatively constant. Gilvin levels in Lake Joondalup (north) also increased
with the onset of winter rainfall and then ranged between values of 8 and 12 g440 m' for
the rest of the sampling period.
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Figure 3.7 Mean gilvin (g..,m') for Beenyup Swamp (Beenyup), Lake Joondalup
(south) (JS) and Lake Joondalup (north) (JN) for the sampling period. Error bars
represent ±1 S.E.

There was no significant difference in mean E/E6 ratios between the three
<

study sites (p>O.OS; Figure 3.8). However, there was a significant difference in the
way the E/E6 ratios behaved over time (p<O.OS). After an initial decline from high
ratios in all three sites, the E/E6 ratio in Lake Joondalup (north) and Lake Joondalup
(south) remained relatively constant. In comparison, those in Beenyup Swamp
decreased sharply in week 21 before increasing again by the end of the sampling
period.
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Figure 3.8 Mean EJE, ratio for Beenyup Swamp (Beenyup), Lake Joondalup (south)
(JS) and Lake Joondalup (north) (JN) for the sampling period. Error bars represent ±1
S.E.

3.3.4 Orthophosphate ·

Orthophosphate concentrations in Beenyup Swamp were significantly higher
than those in the other sample sites (p<0.05), exceeding 100

~g

L- 1 on most sampling

occasions and indicative of hypereutrophic conditions (Figure 3.9). Patterns in
orthophosphate concentrations also varied significantly over time (p<O.Ol). In Beenyup
Swamp, orthophosphate concentrations increased following the onset of winter rainfall
and initiation of water flow from the adjacent Wallubumup Swamp. Concentrations
remained high for the rest of the sampling period. Orthophosphate concentrations in
Lake Joondalup (south) always exceeded 50

~g

L·\ again indicative of eutrophic

conditions. At this site, initial mean values ( 170 ~g L- 1 and 130

~g

L< 1) were very high.

Following winter rainfall, concentrations were considerably lower and remained
relatively constant for the rest of the sampling period. Orthophosphate concentrations in
Lake Joondalup (north) increased sharply from 35
commencement of winter rains.

~g

L 1 to 160

Following this early peak,

concentrations decreased considerably to 80
95

~g

~g

~g

L- 1 following

orthophosphate

L- 1 and then fluctuated between 45 and

L- 1 for the rest of the sampling period. Even though Lake Joondalup (north) had
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significantly lower mean orthophosphate concentrations than the other sample sites
(p<0.05), they were still indicative of eutrophic conditions.
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Figure 3.9 Mean orthophosphate concentration (!lg L") for Beenyup Swamp
(Beenyup ), Lake Joondalup (south) (JS) and Lake Joondalup (north) (JN) for the
sampling period. Error bars represent ±1 S.E.

3.3.5 Nitrate I Nitrite

As with orthophosphate, levels varied significantly across sites and with time,
and there were significant site/date interactions (p<O.Ol). In Beenyup Swamp,
concentrations were relatively low and never exceeded 60 11g L''. One small peak
occurred in July, and then concentrations remained relatively constant for the rest of the
sampling period. In Lake Joondalup (south), high initial concentrations (up to
132 11g L") were followed by low concentrations with the onset of winter rainfall. For
the rest of the sampling period concentrations remained below 50 11g L''. As with the
other study sites, nitrate/nitrite concentrations in Lake Joondalup (north) increased with
the onset of winter rainfall. Concentrations were slightly higher in Lake Joondalup
(north) than the other sites and never exceeded 60 11g L'.
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Figure 3.10 Mean nitrate/nitrite (N03"/N02-) concentrations (!lg L') for Beenyup
Swamp (Beenyup), Lake Joondalup (south) (JS) and Lake Joondalup (north) (JN) for
the sampling period. Error bars represent ±1 S.E.

3.4 Biological variables

3.4.1 Chlorophyll a and Phytoplankton Biomass

Phytoplankton biomass was estimated from chlorophyll a concentrations (see
section 2.6.1.2), resulting in patterns mirroring those of. chlorophyll a (Figure 3.11,
3.12). Therefore, the following description of chlorophyll a concentrations also applies
to phytoplankton biomass.

For both Beenyup Swamp and Lake Joondalup (south) chlorophyll a
concentrations remained low for the majority of the sampling peri~d and well below
eutrophic levels of 10-500 11g L·', using the criteria published in Wetzel (1983). In
Beenyup Swamp no distinct seasonal patterns were observed and no algal blooms were
observed at any time during the study. However, extensive stands of aquatic
macrophytes such as Potamogeton sp. and Polygonum decipens (Sainty & Jacobs,
1982) wer,e observed throughout Beenyup Swamp during the winter period. These
stands were seen to be particularly dense on the eastern side of the wetland. In
comparison, substantial phytoplankton growth was observed in some parts of Lake
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Joondalup (south) at the end of the sampling period and a small, restricted bloom was
present at the opening of the tunnel (Plate 3.1), though it was not reflected by high
chlorophyll a values. This is likely due to a lack of concordance between position of
the algal bloom in the wetland area and replicate sites. Lake Joondalup (north) had
significantly higher chlorophyll a values than the other sample sites for the entire
sampling period (p<0.01). The initial high mean value of 280 J.tg V

reflected an algal

bloom present at that time. A s\larp decline in chlorophyll a levels followed the onset of
winter rainfall. However, fot the majority of samples taken throughout the study,
chlorophyll a levels exceeded 10 J,tg L' and were indicative of eutrophic conditions.
The increase in chlorophyll a at the end of the period reflected the presence of an
extensive algal bloom (Plate 3.2). Excessive phytoplankton growth manifested as algal
blooms was observed on a number· of occasions at this site.
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Figure 3.11

Mean chlorophyll a concentrations (J.tg L') for Beenyup Swamp

(Beenyup), Lake Joondalup (south) (JS) and Lake Joondalup (north) (JN) for the
sampling period. Error bars represent ±1 S.E.
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Plate 3.2 Algal bloom in Lake . Joondalup (north) (26 August 1996). Photo taken
from the south-west edge facing north-east.

3.4.2 Microcrustacean Abundance and Diversity

A total of eight species of microcrustacea was found during the study
(Table 3.1). Seven species. were found in both Beenyup Swamp and Lake Joondalup
(south), and all eight species in Lake Joondalup (north).

In late autumn, total species abundance values were similar across all three sites.
However, in subsequent samples there was a significant difference between the
Beenyup Swamp and Lake Joondalup study sites (p<O.Ol ; Figure 3.13) . Total species
abundance in Beenyup Swamp was relatively low for the entire sampling period and
significantly lower than that of the other sites (p<0.05) Total species abundance in Lake
Joondalup (south) was the highest of the three study sites. Total abundance varied
seasonally, decreasing with increased drying of the lake, and increasing after the onset
of winter rainfall. Total abundance of microcmstacea in Lake Joondalup (north) was
sinlilar to that of Lake Joondalup (south), and also varied seasonally in response to
water levels.
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Table 3.1 Distribution of microcrustacea in the three study sites; Beenyup Swamp,
Lake Joondalup (south) and Lake Joonda!up (north).

Beenyup

Taxon

Swamp

Lake Joondalup
(south)

Lake Joondalup
(north)

CLADOCERA

Daphnidae
Daphnia carinata
Ceriodaplmia sp.

*
*

*

*

*
*

*

*

*

*

*

*

COPEPODA

Calanoidea

Calamoecia tasminica subartemwta

Cyclopoidea

Mesocyclops sp.

Harpacticoidea
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Figure 3.13 Mean relative abundance (In+ 1) of total microcrustacea for Beenyup
Swamp (Beenyup), Lake Joondalup (south) (JS) and Lake Joondalup (north) (JN) for
the sampling period. Error bars represent ±1 S.E.

CLADOCERA

Two species of Cladocera were identified during the study, D. cari11£lta and
Ceriodaphnia

sp. The abundance of D. carinata was significantly different both

between sites (p<0.05), and between sites over time (p<O.Ol). D. carinata was the most
!

numerically abundant microcrustacean and cladoceran in both Lake Joondalup (south)
and Lake Joondalup (north). In comparison, mean abundance of D. cari11£lta was
significantly lower in Beenyup Swamp (p<0.05), and was relatively low compared to
other species present in this site. Abundance varied over the sampling period with one
major peak occurring after the onset of winter rainfall (Figure 3.14a). The mean
abundance of D. carinata in Lake Joondalup (south) was consistently high for the entire
sampling period following a decrease from very high levels in the initial, warmer
months (Figure 3.14b). Mean abundance of D. carinata in Lake Joondalup (north)
followed a distinct seasonal trend (Figure 3.14c). Following the commencement of
winter rains, abundance of D. carinata increased to very high levels which were
maintained for the rest of the sampling period.
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Ceriodaphnia sp. was the most abundant microcrustacean and cladoceran in
Beenyup Swamp (Figure 3.14a). Unlike the other sample sites, Ceriodaplmia sp. was
relatively abundant from the initia1 sampling time, increasing with winter rainfall. The
mean abundance of Ceriodaplmia sp. in Lake Joondalup (south) was very low until
after the onset of winter rainfall .;md initiation of water flow from Beenyup Swamp
(Figure 3.4b). The presence of Ceriodaplmia sp. was not recorded in Lake Joondalup
(north) until

mid~July,

when it was found in relatively high abundance (Figure 3.l4c).

The initial appearance of Ceriodaplmia sp. may have been influenced by the initiation
of water flow through the tunnel from Lake Joondalup (south). All study sites exhibited
a decrease in abundance of Ceriodaplmia sp. towards the er,d of the sampling period.

COPEPODA
Ca!amoecia tasminica subattemh·Ha was the most numerica1ly abundant copepod
species in Lake Joondalup (south) and Lake Joondalup (north). In Beenyup Swamp,
abundance of C. tasminica subattemwta was significantly lower than the other study
sites (p<0.05) and slightly less abundant than Me:wcyclops sp. However, both species
showed similar patterns in variation throughout the sampling period (Figure 3.15a).
The variation in mean abundance may be a reflection of the large spatial variation in
water depth within the wetland. In Lake Joondalup (south), abundance of C. tasminica

subattenuata was significantly higher than Mesocyclops sp. (p<0.05; Figure 3.15b).
Abundance of C. tmminica subattenuata

increased sharply following the onset of

winter rainfall, whereas abundance of Mesocyclops sp. was consistently very low for
the entire sampling period.

In addition to C. lasminica subattemwta and Mesocyclops sp., Lake Joondalup
(north) contained another Copepod species belonging to the family Harpacticoidea
(llal"{){lt:ficoid(/

sp.). All Copcpods in Lake Joondalup (nmth) exhibited a similar

increase in rcspnnsc to winter rainfall (Figure 3.15c). After this initial increase in
abundaucc, C. tasminica suhattenuata and Mesocyclops sp. persisted in high numbers,
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whereas Harpacticoida sp. decreased to very low abundance by the following

s~mpling

occasion, and then was not observed again during the study.

OSTRACODA

All three Ostracod species were abundant only after the unset of winter rainfall
(Figure 3.16 a-c). Although present in varying abundance throughout the san1pling
period, each species followed a similar seasonal pattern in all three sites. In Beenyup
Swamp, Candonocypris novaezelandiae and Cypretta baylyi were slightly more
abundant than Sarcypridopsis aculeata. The absence of S. aculeata in Beenyup Swamp
on 29 July 1996 may be the result of sampling design and not an accurate representation
of its absence at that time.

In Lake Joondalup (south) C. novaezelandiae was present in low abundance
on the first sampling occasion. For the rest of the sampling period abundance of this
species followed a similar pattern to that of Beenyup Swamp. In Lake Joondalup
(north), abundance of C. novaezelandiae was very low and somewhat transient. Its
presence in Lake Joondalup (north) may have been influenced by water flow from Lake
Joondalup (south). S. aculeata was not recorded in either Lake Joondalup (south) or
Lake JoonJalup (north) until 17 weeks after the commencement of sampling. After this
time, abund;.mcc of S. acu!eatu was high in both sites. Abundances of C. baylyi in
Lake Joondalup (south) and Lakl! Joondalup (north) were very low. Furthermore,
C. baylyi was only recorded on one occasion (14 July 1996) in Lake Joondalup
(north).
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Figure 3.14 Mean relative abundance (In+ I) of cladoceran species in (a) Beenyup
Swamp; (b) Lake Joondalup (south); (c) Lake Joondalup (north) for the sampling
period. Error barsrepresent ±I S .E.
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Figure 3.15 Mean relative abundance (In+ 1) of copepod species in (a) Beenyup
Swamp; (b) Lake Joondalup (south); (c) Lake Joondalup (north) for the sampling
period. Error bars represent ±1 S.E.
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Figure 3.16

Mean relative abundance (ln+ 1) of ostracod species in (a) Beenyup

Swamp; (b) Lake Joondalup (south); (c) Lake Joondalup (north) for the sampling
period. Error bars represent ±1 S.E.
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3.4.3

Microcrustacean Biomass and Size Class Distribution

I

Relative biomass estimations were calculated for the numerically dominant
D. carinata. Relative biomass was estimated only for Lake Joondalup (south) and Lake

~F-)

Joondalup (north). Abundance of D. carinata in Beenyup Swamp was too low for
biomass estimation. As with relative mean abundance, relative biomass in Lake
Joondalup (north) was significantly higher than that of Lake Joondalup (south)
following the onset of winter rainfall (p<0.05; Figure 3.17). The relative biomass of
D. carinata in Lake Joondalup (south) showed the reverse pattern of mean relative

abundance (see Figure 3.14b). Biomass in Lake Joondalup (south) was very high on
the first sampling occasion (125 g sample·1) after which it decreased substantially to
comparatively low levels (<15 g sample- 1) and continued to decrease slightly towards
the end of the sampling period. In comparison, relative mean biomass of D. carinata in
Lake Joondalup (north) followed a similar pattern to relative mean abundance (see
Figure 3.14c). Biomass varied between 2 g sample·1 and 26 g sample·1•
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Figure 3.17 Mean relative biomass (g sample·') of D. carinata in Lake Joondalup
(south) (JS) and Lake Joondalup (north) (JN) for the sampling period.
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Size class distribution of D. carinata was calculated to reveal the dominant size
classes over time and to interpret biomac;s changes. The dorninanl size class for the
majority of sampling occasions in Lake Joondalup (south) was 1-2 mm (Figure 3.18
a-h). However, variation of size class distribution did occur, indicating successive
population replacement. Size class distribution of D. carinata in Lake Joondalup (north)
followed similar patterns to those of Lake Joondalup (south) (Figure 3.19a-e). Again,
the majority of animals fell in the 1-2 mm size class and variation in the abundance of
animals in other size classes was also observed.
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Figure 3.18 a-h. Size class distribution for D. carinata in Lake Joondalup (south)
over the duration of the sampling period.
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Figure 3.19 a-e Size class distribution for D. carinata in Lake Joondalup (north) over
the duration of the sampling period.
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3.5 Interactions Between Variables

As the first step in identifying likely detenninants of chlorophyll a
concentrations, a correlation matrix between chlorophyll a and potential detennining
physical and chemical variables was developed using the combined data of the three
sites. Across all three sites, variables that showed a significant negative correlation with
chlorophyll a were gilvin (r"-0.744, p<O.Ol) and orthophosphate (r"-0.436, p<O.Ol).
Those variables showing significant positive correlations with chlorophyll a were pH
(r= 0.746, p<O.Ol), E,/E 6 ratio (r=0.453, p<O.Ol) since it is correlated with gilvin, and

water temperature (r=0.662, p<O.Ol). Gilvin showed significant negative correlations
with dissolved oxygen (r=-0568, p<O.Ol), D. can"nata

abundance (r=-0.495,

p<O.O I), and pH (r=-0. 780, p<O.O 1). Dissolved oxygen showed significant positive
correlations with D. carinata abundance (r=0.663, p<O.OI) and total microcrustacea
abundance (r"0.627, p<O.Ol).

A separate con·clation matrix was developed for the Lake Joonda1up (north) site
alone as this site was the 'Jnly one to show substantial variation in chlorophyll a
concentrations over the sampling period. Chlorophyll a was positively correlated with
pH (r"0.841, p<O.O!) and water temperature (r"0.753, p<O.OI) and negatively
correlated with gilvin (r=-0.686,
D. carina/a

p<O.Ol),

nitratc/nillite

(r=-0.580,

p<O.Ol),

abundance (r=-0.802, p<O.Ol) and total microcrustacca abundance

(r"-0.682, p<O.O I).

For those variables that were significantly correlated with chlorophyll a in all
sites and Lake Joondalup (north) (excluding E/E6 ratio as a highly intercorrelated
v,niablc with gilvin), step-wise multiple regression analysis was C<UTicd out. Across all
site.~.

those independent vari;tblcs that contributed most to the regression model were, in

order d

importance. pH

lr~=0.726,

pdl.OI; Figure 3.20),

water temperature

(r7::::0.751J, p<O.OL Figure J.21) and gilvin (r 2 =0.776, p<O.OS; Figure 3.22). In Lake

Joond3lup (north), temperature was the most contributory independent vruiablc
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(r 2=0.835, p<O.Ol; Figure 3.23) followed by abundance of D. carinata (r 2=0.915,

p<O.Ol) (Figure 3.24).
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Figure 3.21 Relationship between log-transformed chlorophyll a concentrations (!lg L

1
)

and water tcmpcrJturc (°C) using the combin!?'.l values for all three study sites.
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4. DISCUSSION

4.1 Nutrient Enrichment and Phytoplankton Growth

It is well accepted that there is a strong correlation between phosphorus

concentration (total phosphorus or orthophosphate) ;:md chlorophyll a concentrations in

many wetland ecosystems. This relationship has led to the development of models
designed to predict chlorophyll a (phytoplankton biomass) from total phosphorus
concentration (Shahady & Redfield, 1994). These models have been used widely as a
basis for the management of eutrophication. However, a high level of inaccuracy often
occurs when predicting phytoplankton biomass from phosphorus concentrations as a
result of other factors which can influence phytoplankton biomass (Shahady &
Redfield. 1994). Wetland ecosystems possess site specific physical, chemical and
biological characteristics which may affect hO\v phytoplankton reacts to excessive
nutrient enrichment. In this study, high concentrations of phosphorus were not always
accompanied by high chlorophyll a concentrations. This suggests that other factors
were influencing phytoplankton biomass.

Studies carried out on Lake Joondalup in the past two decades have defined the
trophic status of this wetland (based on phosphorus concentrations) as mesotrophic
(Davis et af., 1993), mildly eutrophic (Congdon & McComb, 1976) or excessively
eutrophic (Congdon, 1986). However, data collected from the present study leaves little
doubt of the eutrophic condition of this wetland. On the basis of orthophosphate
conccntrntions alone. al! three wetland sites in this study were consistently eutrophic or
hypcrcutrorhic. with tonccntrations increasing in a notth to

sou~h

direction, suggesting

that the 111o1in source of phosphorus for Lake Joondalup is through surface water flow
rrom lkenyllp Swamp.

Thl' lllaJur mpul of phosphorus to wetlands is from surface water flow,
groundw~lll'l"

rlmv and/or rain fa!! and t!iy atmospheric precipitation. The major outputs
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of phosphorus arc into the sediments or via migrating fauna (Congdon, 1986). In
the present study, and the most recent study (Kinnear & Garnett, op.

cit.),

Beenyup/Walluburnup Swamp is considered to be the major source of phosphorus for
both regions of Lake Joondalup. Congdon (1986) believes that surface water flow from
these wetland systems contributes up to 98% of phosphorus into the main water body
of the lake. In the

pre~ent

study, orthophosphate concentrations also increased in Lake

Joondalup (north) prior to the establishment of surface water connection from Beenyup
Swamp. This suggests that groundwater now or surface runoff from areas immediately
adjacent to the Lake Joondalup {north) site may be contributing to phosphorus loading,
supporting an assertion made by Congdon ( 1986). However, the actual sources of
phosphorus, whether point ''r diffuse. arc largely unknown and future management of
Lake Joonclalup will greatly benefit from studies that investigate the sources of this
nutrient loading. Congdon's ( 1986) value of between 200-1400 !lg L- 1 for surface
water in Walluburnup Swamp suggests that the source of the larger proportion of
nutrients is Walluburnup Swamp. Release of phosphorus from the sediments may be a
contributing fa!:tor to the high concentrations in these southern wetlands. However, the
extent of this contribution remains largely unknown and also requires further
investigation.

In general.

wetland~

of the Swan Coastal Plain arc poorly flushed and the

majority of nutrients that enter arc trapped in the sediment providing a potentially major
source of phosphorus (Davis ct a!.,

!993). Congdon (1979) suggested that

orthophosphate can be released from the sediments via microbia! activity. Bacteria
incorporate

orthophosphate

into

concentration of soluble rlwspborus

organic
1/l

compounds,

thereby

increasing

the

the water. It may be assumed that Beenyup

Swamp. which contains large quantities of organic matter, would also support a large
portdntion ol bacteria which function to help decompose this matter, thereby
contrihlltln~

to rl'k~1sc nf orthophosphate from the sediment:>. It is unlikely that

s:gnificant rcic<l\l' of orthophosphate as a result of microbial activity would be occurring
in the dhcr study sites due to considerably lower amounts d' organic matter.
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Aquatic macrophytes ru·e also known to take up phosphate from the sediments
and release it into the surrounding water (Congdon, 1979). Furthermore, they are also
believed to take up phosphorus from the water column. Dense stands of aquatic
macrophytes in Beenyup Swamp may therefore be contributing to the unusual series of
peaks and troughs in orthophosphate concentrations at this site.

Aquatic macrophytes in Beenyup Swamp may also contribute to nitrate/nitrite
concentrations in the water. Decomposition of algal blooms are often followed by peaks
in nitrate/nitrite concentrations. Therefore, it is not unreasonable to suggest t11at
decomposing

macrophytes may be associated with increases m

nitrate/nitrite

concentrations in Beenyup Swamp.

Congdon (1979) suggested that waterfowl in Lake Joondalup contribute a large
source of inorganic nitrogen (nitrate/nitrite, ammonium) through input of nitrogenous
waste. Lake Joondalup, in particular the main waterbody, is an impottant refuge for
migratory waterfowl (Arnold & Wallis, 1987) and is believed to support up to 3, 500
birds over the suP.lmcr months (Congdon, 1979). If each bird was to reside in Lake
Joondalup for a period of six months, the annual input of nitrogenous waste from the
waterfowl population would be almost equal to I tonne (Congdon, 1979). The large
population of waterfowl in Lake Joondalup may therefore be contributing to the
significantly higher nitrate/nitrite concentrations in the Lake Joondalup (north) site
throughout the sampling period. However, it must be noted that nitrate/nitrite only
comprises a small proportion or the total nitrogen in Lake Joondalup and associated
wetlands and therefore may

HOl

be a very good indicator of nitrogen loading (Kinnear &

Garnett. op. cir.).

Despite the high phosphorus concentrations m Bccnyup Swamp and Lake
Joondalup (south). chlorophyll a concentrations (as an indicator of phytoplankton
biomass),

WCfC

very low in both sites and well below eutrophic levels for most of the
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sampling period (<10 ~g L·'). In contrast, Lake Joondalup (north) with significantly
lower, though still eutrophic, phosphorus concentrations, exhibited higher and
eutrophic levels of chlorophyll a. This distinctive spatial pattern is supported by a
significant negative correlation between chlorophyll a and orthophosphate when all site

data arc combined. This conflict raises the following questions. Why do Bcenyup
Swamp and Lake Joondalup (south) have such low phytoplankton biomass despite
excessive nutrient enrichment and what factors arc influencing phytoplankton growth in

these wetland sites? Funhermorc, how arc these factors influencing the surface
connected wetlands to the north?

Dala analysis suggests that the most likely factors inhibiting phytoplankton
growth in the southern wetland sites are gi!vin, pH and dissolved oxygen. How these
factors influence phytoplankton growth will be discussed in the following section.

4.2 Factors Inhibiting Phytoplankton Growth in the Southern Wetlands

Previous investigations regarding the eutrophication of Lake Joondalup and
Beenyup Swamp have suggested that the dystrophic nature of the southern most
wetlands may be attributed to the action of gi!vin (dissolved humic substances) in the
water (Congdon, 1986; Kinnear & Garnett, op. cit.). This study has substantiated this
proposal by revealing significant relationships between chlorophyll a, gilvin and pH.
The relationship between these variables and phytoplankton biomass will be considered
in the fo!lowing discussion.

In aquatic ecosytcms, the organic acids comprising gi!vin have been found to
influence pi-! levels (Pctcn;en, 1989). Dm•is cr a/. (1993) suggest that gilvin levels are
inversely n:l<11cd to pi!. In this study, there was a signilicant negative con·clation
between gil\'lll and pl-1, therefore supporting the suggestion of Davis et af. ( 1993).
Shapiro ( )l}()()) suggested tll<lt pl-1 was one of the most important factors influencing

phytoplaul-:tull biomass. D<lVis ct o/. ( 1993) found that in waters with pH <6.5, the

68

relative abundance of cyanobacteria is reduced to zero. Above this pH value relative
abundance was variable. However, it may be reasonable to assume that pH close to 6.5
will still inhibit the growth of cyanobacteria. In waterbodies where cyanobacteria are the
major contributor to chlorophyll a concentrations, a low pH may result in very low
chlorophyll a concentrations and/or a shift in the phytoplankton community structure.

In this study, ve1y low chlorophyll

a concentrations were accompanied by low pH in

Beenyup Swamp, suggesting that low pH may also inhibit growth of phytoplankton.
Furthermore, step-wise multiplr. regression analysis over all three study sites found pH
to be the most significant factor influencing chlorophyll a concentrations.

The low chlorophyll a concentrations in Lake Joondalup (south) are not as
greatly influenced by pH as in Beenyup Swamp. Lake Joondalup (south) had a
significantly higher pH than Bcenyup Swamp with values that would, under "normal"
circumstances, be favourable to phytoplankton and/or cyanobacterial growth. Thus,
other gilvin associated factors may be influencing phytoplankton growth in this wetland
site.

Gilvh can also have a secondmy effect on dissolved oxygen concentrations by
contributing to the depletion of oxygen levels in wetlands as a result of high rates of
chemical oxidation of organic matter. Dissolved oxygen is essential for metabolic
processes of all aerobic organisms in the water and deoxygenation affects the biota
directly by affecting respiration. Below dissolved oxygen levels of 3 to 4 mg L· 1,
biological activity can be inhibited due lo there being insufficient oxygen for metabolic
demands. Becnyup Swamp was found t:J have ve1y

low dissolved oxygen

concentrations (3.0 to 4.6 mg t· 1} which may have also inhibited phytoplankton
growth. The major sources of oxygen in aquatic ecosystems <u·e atmospheric oxygen
and as a by-product from photosynthesis by phytoplankton and aquatic plants.
;\lthtHli~h

phytoplankton biomass was very low in Becnyup Swamp, very dense stands

of suhtne.rgcd and emergent <tquatic macrophytes were observed during the study. It
may lw :tssurncd thai these aquatic macrophytes would be producing relatively large
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amounts of oxygen via photosynthetic processes. So why did Beenyup Swamp have
such low concentrations of dissolved oxygen? As mentioned previously, the chemical
oxidation of organic matter can cause the depletion of dissolved oxygen in waterbodies.
Beenyup Swamp is a highly vegetated wetland and contains substantial amounts of
dead organic matter in the form of leaves, bark and branches from M. rhr )hiophylla,

E. rudis and E. gomphocephala . As well

<IS

contributing to the higher gilvin values of

Beenyup Swamp, decomposition (and thus chemical oxidation) of this organic matter in
water may be causing the low dissolved oxygen concentrations in this wetland. The
Lake Joondalup (south) and (north) sites bad significantly higher dissolved oxygen
concentrations than Becnyup Swamp and sufficient for biological activity. This may be
associated with the larger area of open water in these sites, the absence of vegetation
such as Melaleuca and Eucalyptus within the water body and removal of large portions
of fringing vegetation associated with urbanisation.

Gilvin has also been found to have a very significant effect on the attenuation of
photosythetically active radiation (PAR) in water, absorbing light in the blue and
ultraviolet region of the spectrum (Kirk, 1976). Chloroplasts of all algae and aquatic
macrophytes have absorption peaks in the blue region of the spectrum and therefore, the
photosynthetic processes of algae and macrophytes may be inhibited in water bodies
containing high gilvin levels. In this study, gilvin levels did not appear to be sufficiently
high to affect the attenuation of PAR. Visibility in all of the wetlands studied was high
and the presence of dense stands of uquatic macrophytes in Beenyup Swamp suggests
that light was not a limiting factor, n'cn in this highly vegetated wetland. However,
Carvuhlo ( !994)

sugg~stcd

that aquatic macrophytes in wetland ecosystems may

compete with phytoplankton for light and phosphorus resources. As phosphorus was
not a limitmg factor in this wetland site, it may be reasonable to suggest that competition
for light with macrophytes may be contributing to low phytoplankton growth in

Bct:nyup Swa111p. Tile low phytopl<lilkton growth in Lake Joondalup (south), however,
carnw1 he altrihutcd to competition with aquatic macrophytes for light resources. Unlike
Bccnyup Swamp. L1ke Joondalup (south) docs not support extensive stands of aquatic
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macrophytes. In fact, no aquatic macrophytes were observed in Lake Joondalup (south)
for the duration of the study, further supporting the suggestion that other factors are
involved in the inhibition of phytoplankton growth at this site.

Gilvin is also known to contain substances that may adversely affect biological
processes in aquatic environments. such as phytoplankton growth (Petersen, 1989).
Gilvin contnins a variety of phenolic and organic acids and the biological activity and/or
toxicity of these compounds is often a function of the pH. Gilvin also contains tannins,
polyphenols and a number of plant defence compounds that arc known to be inhibitory
to biological processes (Petersen, 1989). Although these compounds were not extracted
from the gilvin obtained in this study, it is possible that their presence and subsequent
impact on biological processes, especially in Becnyup Swamp, was a contributing
factor to low chlorophyll a. Furthermore, as no other factors a:-; 1)ear to be contributing
to the low chlorophyll a concentrations (phytoplankton biomass) in Lake Joondalup
(south), it is reasonable to suggest that toxic compounds in gilvin carried in surface
water flow from Bcenyup Swamp may be inhibiting phytoplankton growth in this site.
Future research regarding tile interactions between gilvin and phytoplankton in these
wetlands may benefit from extensive analysis of the comprising components of gilvin.
This will enable the researcher to more effectively determine which eomponents of
gilvin arc most active in the inhibition of biological processes.

Studies of wet[anJs of the Swan Coastal Plain which have included analysis of
gilvin suggest that for a wetland to be considered highly coloured, gilvin levels must be
equal to or exceed )2 g_1_10 m' 1 (Davis et a! .. !993). In addition. for a wetland to be
considered dystrophic on the basis of gilvin levels. these levels must be in excess of 30
g_ 1_111 m 1 (l,und & Ryder, 19'l5). Ciilvin levels fl',r the wetlands in this study never
cxcc,~dcd lh !!::" nf and therefore cannot be considered highly coloured or dystrophic
1

011

the

gilvin

lw~1:-. Ill
Wit'> ;1

gilvm lc\·cls :done. llnwcvcr. multiple regression analysis revealed that

Sl,l!:Illr!cinlL'\ll!tribulnr to variation in chlorophyll a concentration over the

three studv sJtL':-.. Petersen ( !IJXl)) suggested that clue to the heterogenous nature of
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gilvin, which is a complex mixture of compounds, it is very difficult to study and often
behaves in a contradictory manner. Therefore, the effect that gilvin has on both
chemical and biological processes may be dependent on its site specific composition and
the environment in which it is found. The actual measured levels may not provide
sufficient information to effectively detennine the function of gilvin in the aquatic
ecosystem.

The "low" gilvin levels measured in this study may not fully reflect the impact
of gilvin in these wetlands. Gilvin contains a soluble labile component (fulvic acid) and
a soluble refractory component (humic acid). The EiE6 ratio provides some indication
of the proportions of these components (Lund & Ryder, I 995). A high ratio (between 8
and 12) indicates a greater fulvic acid componenl. Previous studies have found that
fulvic acid binds with calcium (Ca2+) causing it to precipitate, resulting in reduced gilvin
levels. Although Ca1 + was not measured in this study, Kinnear & Garnett (op. cit.)
found high concentrations of Ca 2+, up to 70 J.tg L· 1, in these wetlands in 1991/1992,
most likely attributed to the limestone aquifer. These high Ca2+ levels may therefore be
contributing to the "low" gilvin levels recorded in this study. Furthermore, the decline
in the E/E 6 ratio at all sites with increasing water depth may be attributed to Ca2+ being
released from the sediments and binding with fulvic acid.

Expansion of the tunnel that connects the northern and southern sections of
Lake Joondalup in the summer of 1995/96, and the subsequent increase in water flow
frvm the s0uthcrn wetlands, is likely to have a consi(.erable impact on water chemistry
variables in Lake JoonJa\up (nmih). While on the

om~

hand, increase in water flow has

resulted in increases in gilvin levels and decreases in pH, the potential inhibitmy impact
of these rariablcs on eutrophication of Lake Joondalup may never he fully realised.
Expansion of the tunnel and the subsequent incrcJsc in water flow will also result in an
incn::!sC in phosplwrus input into this waterbody. It is likely that future years will sec
enhanced f'hosphon!s loading of the main water body anG· more intense and prop longed
a!gtd blooms. Although gilvin levels will also increase with the increase in water flow,
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their effect will most probably be dampened by this excessive phosphorus loading.
Furthermore, the associated decrease in pH with increasing gilvin levels will most likely
not occur as a result of extensive and persistent algal blooms. As indicated by the high
level of significance in the step-wise multiple regression for Lake Joondalup (north)
data, temperature will be one of the most influential factors governing the growth of
phytoplankton in this site.

4.3 Microcrustacean Abundance, Diversity and Distribution

Previous investigations of wetlands of the Swan Coastal Plain have revealed
that the main factors affecting the abundance and diversity of aquatic invertebrate fauna
were degree of eutrophication, colour (gilvin), and sa1inity (Davis et a!., 1993). Given
that Lake Joondalup and Beenyup Swamp are freshwater wetlands, salinity is not an
important factor.

Th~

animal data collected in this study suggest that both eutrophication

and gilvin (and associated factors) have hall an impact on abundance, diversity and
distribution of aquatic microcrustacea.

4.3.1 Interactions Between Phytoplankton and Microcrustacea

Eutrophication affects the composition and production of algae and aquatic
macrophytes in a wetland ecosystem which are, in turn, a source of food and habitat for
the aquatic fauna (Wcidcrholm, 1984). During algal blooms, the water can become
supersaturated with oxygen Juring the day, as a result of high rates of photosynthesis,
and deoxygenated at uight (Davis eta!., 1993). In addition, a high photosynthetic rate
increases the pl-1 of the water. Large fluctuations in dissolved oxygen and pH may
create a stressful environment for certain organisms, thereby favouring the development
of organisms tolerant of poor water quality and with the ability to utilise the extra food
:.oua:es (Davis er u/ .. ! 993). Those species less tolerant to eutrophication will be
supprcs-;ed ami their abund;mce will consequently diminish. Those animals found in
this study that have previously been classed as tolerant uf, or responding positively to
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eutrophication are D. carinata (Cladocera) and C. novaezelandiae (Ostracoda). Those
species which are tolerant of, but do not respond positively to eutrophication are

S.

acu/eata (Ostracoda), Mesocyclops sp.(Copcpoda)

and

Hmpacticoida sp.

(Copepoda).

CLADOCERA
D. carinata is the most widely distributed species of Daphnia

and is well

known for its tolerance to eutrophication (Smirnov & Timms, 1983). In this study, the
relative abundance of D. t:tlrillata

was positively correlated with chlorophyll a

concentration over the three study sites. In both Lake Joondalup (south) and Lake
Joondalup (north), chlorophyll a concentration was directly related to abundance of

D. carinata. In addition, step-wise multiple regression analysis for Lake Joondalup
(north) revealed that abundance of D. carinata was a significant variable contributing to
the pattern of chlorophyll a (and thus phytoplankton biomass), in this site. In
comparison, abundance of D. can·nata in Lake Joondalup (south) decreased with
decreasing phytoplankton biomass, suggesting a response to depleting food sources.
Abundance of D. can'nata was low in Beenyup Swamp for the duration of the study,
as were chlorophyll a levels. However, other environmental factors affect the
abundance and distribution of D. carinata in the aquatic environment and these will be
discussed in the following section.

In contrast to Lake Joondalup (south) and Lake Joondalup (north), the
abundance of Ceriodaplmia sp. in Beenyup Swamp was much greater than D. carinata,
and it was the most abundant species at this site. In Lake Joondalup (south),

Ccriodaphnia sp. was found in low abundance until the initiation of water flow from
B~enyup

Swamp. In Lake Joondalup (north), Ccriodaplmia sp. was not recorded until

after initiation of water flow from Bccnyup Swamp to Lake Joondalup (south) and ti·om
Lake .Joondalup (south) to Lake .loondalup (north).

Although abundance of

Ceriodaplm'o sp. declined towards the end of the sampling period in all sites, it
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appeared to be most affected by the increasing eutrophication of Lake Joondalup

(north).

COPEPODA

Mesocyclops sp. was found in all st:.~dy sites, with abundance being greatest in
Lake Joondalup (north). Data in previous studies (Davis et a/., 1993; Kinnear &
Garnett, op. cit.) and in this study suggest that this species is ubiquitous iu the Swan
Coastal Plain wetlands. The vc1y low abundance in Lake Joondalup (south) may be the
result of competition for resources with C. tasminica subattenuata. However, caution
must be exercised when making assumptions of this nature as sampling design in this
study may have not provided the definitive picture of species distribution. For the less
common and/or rare species such as HmJmcticoida sp., which was found only in the
eutrophic Lake Joondalup (north), a more intensive sampling regime may be required to
adequately describe small-scale distribution. This may involve the application of a
restricted randomised sampling technique which would allow random samples to be
taken from selected microhabitats (eg., edge and open water samples). The aims of this
study, however, were not to monitor the small-scale species distribution, but to reveal
the large-scale interactions between microcrustacea and phytoplankton biomass.

OSTRACODA
In comparison to D. carinata, the Ostracod C. IIOVaezelcmdiae did not appear to
respond positively to eutrophication in this study. On the basis of chlorophyll a levels,
the only wetland site consistently eutrophic in this study was Lake Joondalup (north).

C. novaczelandiae was found transiently and in very low abundance at this site.
DeDcckkcr (I 98 I) suggests that habitats which arc sandy and low in organic matter are
unfnvourahlc to C. nm•acz.elmuliae. Furthermore, thi ..; species is commonly found in
habitat c.; crJntaining large amounts of decomposing vegetation or black organic mud.
Compared ID Lake Jnnndalup (south) am' Bccnyup Swamp, the Lake Joondalup (notth)
study site is

ch~lntclcriscd

by large areas of open water and has, in general, less

decomposing vc_l:'ctation in the water. C. nnvaezelandiae was found in high ubundance
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in Lake Joondalup (south), particularly in edge samples, and in the highly vegetated
Beenyup Swamp.

S. aculeata was particulmly abundant in Lake Joondalup (north), indicating that
its distribution is not restricted by eutrophication. In comparison, abundance of
C. baylyi decreased steadily in a south to north direction, indicating less tolerance to

eutrophic conditions.

4.3.2 Impact of Gilvin, pH and Dissolved Oxygen

The ecology of aquatic fauna of coloured wetlands remains lmgely unknown.
However, there are several consequences for organisms living in coloured waters.
These include (a) limited food supply due to low prima1y productivity; (b) lower pH to
which many organisms may be sensitive; (c) lower dissolved oxygen concentration,
affecting respiration; and (d) constituents of gilvin being toxic to some species of
aquatic invertebrates. Davis et al. ( 1993) found that the fauna of the coloured wetlands
of the Swan Coastal Plain was very diverse and many species that were recorded in
these coloured wetlands were also present in eutrophic wetlands. Those species found
in this study that have previously been found in great abundance in coloured wetlands
are Ceriodaplmia sp. (Ciadoccra), Cypretta sp. (C. baylyi, Ostracoda), S. aculeata
(Ostracoda) and C. tasminica .mbattenuata. (Copepoda). Those species that have been
found to be Jess tolerant of the conditions of coloured water m-e D. carina/a

and

C. novacz.elandiae.

CLADOCERA
Tht. !n•.\' ::.Oundancc of D. carinara in Bcenyup Swamp may be attributed to the
lower pH conditions than the other study sites. Davis ct a/. (1993) suggest that
D. carinata is

~.cnsitivc

to low pl-1 and that the dadoccran fauna of coloured wetlands

differed from CLllrophic wetlands which were dumin<ltcd hy D. carinata. In addition,
Havens (] 90 I) found that /)aphni(/ was the most acid-sensitive of the Cladocera. Davis
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et al.. (1993) found that D. carinata was present maiuiy in wetlands ·vith a pH greater
than 7 .0. Although water was not actually acidic in Beenyup Swamp, pH did drop
below 7.0 on a number of occasions. Davis et al. (1993) also found that Ceriodaphnia
spp. were more common in coloured wetlands. This concurs with the current findings
as Ceriodaplmia sp. was found in greatest abundance in Bcenyup Swamp, the most
coloured of the three wetland sites.

COPEPODA

Davis eta!. (1993) found that Mesocyclops sp., C. tasminica subattenuata and

Harpacticoida sp. were not abundant in coloured wetlands. With the exclusion of
Harpacticoida sp., this did not appear to be the case in this study. Both Mesocyclops
sp. and C. tasminica subattemwta

were relatively abundant in the more coloured

Beenyup Swamp, and physical or chemical factors did not appear to adversely affect
these species. As previously mentioned, the absence of H(//pacticoida sp. in the
sou them wetlands may be due to sampling design and not an accurate representation of
its distribution throughout this wetland system.

OSTRACODA

Both C. baylyi and S. aCll!eata were found in relatively high abundance in
Beenyup Swamp following the onset of winter rainfall, supporting the suggestions of
Davis et al. ( 1993). Furthermore, C. baylyi

appeared to particularly favour the

conditions of Beenyup Swamp. Not only was abundance of this species greatest in
Bcenyup Swamp, it was also the most abundant ostracod at this site. As previously
mentioned, C. novaezelandiae did not respond positively to eutrophication and did not
appear to be grc<ttly affected by the water colour or low pH of Bccnyup Swamp.

TOTAL MICROCRUSTACEA

Dbsnlvcd oxygen positively correlated with total microcmstacean abundance
over the three study sites, and in Bccnyup Swamp alone. Comparison between the sites
rcve<tls that Bccnyup Swamp had the

low~sl

total microcntstaccan abundance, along
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with the lowest dissolved oxygen. As previously mentioned low dissolved oxygen
concentrations in this wetland are attributed to higher levels of gilvin and the chemical
oxidation of organic matter. Aquatic animals rely on oxygen in the water for metabolic
purposes and low levels may result in death of many animals unable to adequately
respire. Thus, dissolved oxygen concentration may be limiting to microcmstacean
abundance in Beenyup Swamp.

4.4 Microcrustacean Grazing as a Potential Controller of Phytoplankton
Biomass

One potential factor influencing
herbivory (Shahady & Redfield,

phytoplankton biomass is zooplankton

1994 ).

In lakes without high numbers of

planktivorous fish, such as Lake Joondalup, large-bodied Daphnia usually dominate
zooplankton communites (Dodson, 1974) and have been found to exhibit a significant
cascading effect on phytoplankton biomass (McQueen & Post, 1988). Grazing by
zooplankton, in particular Daphnia, has also been found to weaken the relationship
between chlorophyll a and total phosphorus (TP) (Shahady & Redfield, 1994). These
observations have led previous investigators of Lake Joondalup to suggest that the
dystrophic nature of the southern waterbodies may be attributed to grazing by

D. carina/a (Davis e/ a/., !993; Kinnear & Gamett, op. cit.).

The abundance of D. carina/a \\as very low in Beenyup Swamp, the most
dystrophic wetland, and inhibition of phytoplankton growth was most likely due to the
combined effect of gilvin, pH and dissolved oxygen. However, in both the Lake
Joonc!alup (south) and Lake .Joondalup (north) sites abundance of D. carina/a

was

high. This raises the question, what is the likelihood of phytoplankton control through
grazing by D. ca(inata in these wetlands sites?

Predictions of grazing influence have generally involved estimating the biomass
of zooplankton as this considers both size and abundance of the animals. However,
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Pace (1984) discovered that average cladoceran body size was more important than
biomass, and that large numbers of large-bodied Daphnia were required to effectively
control phytoplankton. Furthermore, McQueen eta!. ( 1986) found that chlorophyll a zooplankton models were poor predictors of chlorophyll a using zooplankton biomass
and suggested that better predictions were made using biomass of large Daphnia
(>1.0 mm) only. In this study, both biomass and size class distribution of D. cxtrinata
were calculated to enable accurate prediction of grazing influence.

Body size of D. cari11ata in Lake Joondalup (north) and Lake Joondalup (south)
throughout the sampling period was small when compared to the size of animals
required to efficiently feed on phytoplankton. Previous studies have found that
maximum grazing rate is obtained by clatlocerans which arc between 2.5 and 2.75 mm
in length (Brooks, 1959). Below this size cladoccrans cannot graze as effectively. This
is supported by the lack of signilicant contribution of D. carinata

biomass to the

multiple regression equation. The appearance of algal blooms in Lake Joondalup {north)
accompanied by the high abundance of D. carinata [or the majority of the study may
indicate a shift in the phytoplankton community ;)tnlcturc. Smaller-bodied cladocerans,
such as those in Lake Joondalup (north), will graze on nanoplankton and diatoms when
abundance of filamentous cyanobacteria becomes high. As previously discussed, smallbodied Dapf111ia do not effectively graze on ..::yanobactcria because the particles m·e too
large and often affect filtering mechanisms. Consequently, cyanobacteria can more
readily dominate the phytoplankton community in the presence of small-bodied

Daphnia, thus the occuJTcncc of blooms may actually be enhanced.

In Lake .loondalup (south) a greater proportion of animals also fell into the 1-2
mm size class f,lr the entire sampling period and therefore would not have been able to
dfcctively gran· nn

t! ~I

species of phytoplunkton, in particular the cyanobacteria. This is

further supported hy Ihe nppcarancc
penod.

1\~

\\·ith

L~1kc

t)f

a small algal bloom at the end of the sampling

.lonndalup (north) the small-bodied D. cminata

cannot graze
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efficiently on filamentous phytoplankton and therefore would have minimal control over
the proliferation of algal blooms in the Lake Joondalup (south) site.
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5. CONCLUSIONS AND IMPLICATIONS FOR MANAGEMENT

Lake Joondalup continues to receive excessive input of orthophosphate in water
flow from the south-cast, as it has for the past two decades. The production of gilvin in

the well vegetated surrounds of Becnyup Swamp, and the resulting reductions in pH,
repress nutrient enrichment effects such that phytoplankton growth is inhibited. The
surface connection with Lake Joondalup (solllh) means that similar inhibitmy effects do
occur, but to a lesser extent, in this adjacent wetland. Northward dilution effects are
such that inhibition of phytoplankton growth is no longer apparent and full eutrophy

becomes evident. Excessive nutrient enrichment of the main water body of Lake
Joondalup is now causing prolonged and substantial algal blooms.

If further deterioration of water quality in Lake Joondalup is to be prevented, the
most appropriate management strategies need to be identified. The use of top-down
management techniques incorporating algal grazers such ns D. carinata is not a viable
option for Lake Joondalup. Bottom-up management is essential and must be applied to
these wetlands as phosphorus loading becomes more excessive. This will require
thorough investigation of the exact scurces of phosphorus. whether point or diffuse. If

a point sourcc(s) contribution is identified, the appropriate measures must be
implemented to reduce input into the southern wetlands, and at the same time to reduce
surface water now into Lake Juondalup. If the sources ;:u·e diffuse, management
become murc difficult and may require the usc of

a number

C<Ul

of strategies to control

nutrient rnricluncnt. This will involve;
(a) Community and local govemment co-operation to reduce. nutrient flow from areas

surrounding these wetlands.
(b) Reducing tilt: flow rate of water from the Wa!luburnup/Beenyup Swamp system into

Lake .lonn,hdup, ;md
(c) rchahilllation

or riparian vegetation !o provide a nutrient .sink and a natmal inc reuse

in gi!vin kvcb.
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Preliminary investigations regarding the use of gilvin as a management tool
suggest that addition of mtificial gilvin to aquatic ecosystems may not be useful to
inhibit phytoplankton growth, particularly where pH is alkaline. Thus, rehabilitation of
the riparian vegetation of Lake Joondalup and associated wetlands may be a more
suitable option if gilvin levels arc to be increased, and biological diversity and
conservation value arc to be retained.
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